Preparation of cell-free extracts. Cells were harvested in a Sharples centrifuge, and crude extracts were prepared by exposing these bacteria, 1 g (wet weight) per ml of 0.5 M potassium phosphate buffer at pH 7.0, to the maximal output of a Branson sonic probe for 2 min at 0 C. Cell debris was removed by centrifugation at 23,000 X g for 20 min at 0 C. Sephadex treatment (component A). Compounds of low molecular weight were removed from crude extracts by passage down a Sephadex G 25 column.
Methylcobalamin has received attention recently, since it serves as a methyl-donor in several transmethylation reactions. Blaylock and Stadtman (1) first demonstrated that it was an excellent substrate for the formation of CH4 by extracts of Methanosarcina barkeri, and Wolin, Wolin, and Wolfe (9) obtained similar results when they demonstrated the adenosine triphosphate (ATP)-dependent formation of CH4 with crude extracts of Methanobacillus omelianskii (Methanobacterium omelianskii).
Because of the instability of the methane-forming system, no cofactors other than ATP could be demonstrated as requirements for this reaction at that time. However, we have developed a technique for the partial purification of the methaneforming system of M. omelianskii which enables elucidation of its cofactor requirements. Particular attention is focused on the requirement for ATP, since this cofactor has been implicated not only in methane formation, but also in methyl transfer for B12-dependent methionine biosynthesis in Escherichia coli (3) , and in the synthesis of the methyl group of acetate from methylcobalamin in extracts of Clostridium thermoaceticum (6 Acetone fractionation (component B). Crude extracts were heated to 60 C for 6 min, followed by centrifugation at 23,000 X g for 10 min at 0 C. The supernatant solution from these heated extracts was then treated with a solution of protamine sulfate (pH 5.0) to a saturation of 1.5 mg of protamine sulfate per 10 mg of protein. This procedure was followed by centrifugation at 23,000 X g for 10 min at 0 C. The supematant solution from protamine sulfate treatment was fractionated with acetone at -10 C. The fraction which was precipitated at 45 to 65% dilution was retained and dissolved in 0.05 M potassium phosphate buffer at pH 7.0. All centrifugation steps were carried out at -10 C during acetone fractionation. Protein was determined by the biuret procedure (2) .
Enzymatic assays. Methane was assayed by the gas chromatographic technique described previously (8) two systems show some differences in that Sadenosylmethionine, one of the products of ATP utilization, will replace the requirements for ATP and Mg++ in the methionine reaction. In our investigation, S-adenosylmethionine, B2-coenzyme, or factor III coenzyme has not replaced ATP in the methane reaction; CH4 formation did not (Fig. 2) . It was observed by M. J. Wolin that reaction mixtures in which methylcobalamin had been omitted also removed ATP at a rapid rate; this indicated the presence of a powerful adenosine triphosphatase in the extracts. Adenosine diphosphate (ADP) previously was shown to stimulate CH4 formation but to a lesser extent that ATP (9) . Other nucleotide triphosphates, with the exception of inosine triphosphate, were equally efficient in stimulating this reaction ( Table 3) .
The inhibition of the methane reaction by high concentrations of ATP was explained through the use of ouabain as inhibitor for adenosine triphosphatase. The inclusion of 50 ,umoles of ouabain in reaction mixtures caused greater than 96% inhibition of adenosine triphosphatase. In the presence of this inhibitor, increasing concentrations of ATP did not inhibit the rate of CH4 formation, but the reaction assumed normal saturation kinetics (Fig. 3) . However, inclusion of in- creasing concentrations of ADP or adenosine monophosphate (A VIP) in reaction mixtures containing ATP and ouabain showed considerable reduction in the rates of CH4 formation (Fig. 4 ). It appears that the presence of these nucleotide di-or monophosphates, the products of adenosine triphosphatase activity, regulate the rate of CH4 formation. In the presence of 40 ,moles of ATP and 50 j,moles of ouabain an approximate 1:1 relationship was shown between ATP utilization and CH4 evolution ( Total liquid volume, 2.5 ml. Reactions were stopped by precipitation with 0.5 ml of 10% trichloroacetic acid at 0 C. After centrifugation, samples of both 0.05 and 0.1 ml of the supernatant fluid were assayed for residual ATP.
previously that the presence or absence of ATP regulates C1 transfer in the formation of CH4 from N5,N'0-methylenetetrahydrofolate in extracts of M. omelianskii (10) . It appears that nucleotide phosphates can exert their influence at more than one point in C1 transfer in M. omelianskii.
We have confirmed the discovery of Lezius and Barker (5) that factor III and factor III coenzyme are the predominant B12 compounds found in whole cells of M. omelianskii; however, we find that the majority of our isolated material exists in the form of factor III coenzyme rather than factor III. Since the cells which we used were harvested when they were most active in CH4 formation, we would conclude that coenzyme synthesis is important at this point in the growth cycle. We have proposed that ATP could be involved in providing a 5'-deoxyadenosyl moiety for the upper axial ligand of a protein-bound reduced factor III complex, and that this 5'-deoxyadenosyl ligand could be replaced by a methyl group from the methyl-donating substrate (7) . This proposed reaction mechanism would involve the utilization of one ATP per methyl group transferred. However, the possibility that ATP may be required to generate reducing potential cannot be overlooked.
